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ABSTRACT  
  
  
 
Nutritive value of four browsing trees (Acacia.torrtlis , Ziziphus.spina-
christi   ,   Acacia.mellifera and Acacia.seyal )  leaves   and   pods were    
evaluated   by    estimating    chemical     composition   and     in vitro     gas  
production techniques.The  chemical  composition   for   both   leaves   and  
pods  were significantly different (p<0.01 )  among  the  species    .    Crude 
protein    (CP)   contents ranged from   16.0   to   24.1 %.  Acid detergent  
fibre    (ADF)   and  neutral   detergent  fibre  (NDF)  contents  varied  
within  species  in the  range  18.5- 43.8 %  and   36.1 -  72.3%   respectively   
.  Total  condensed tannin (TCT) contents ranged    from  0.5- 6.2%. TCT  
were   negatively   correlated   with  fraction  (b)  and (a +b) whereas  ADF 
were negatively correlated with  most of   the   estimated   parameters   .  
The  gas    production  parameters  significantly   varied   among   the   
species  .    There  were  also   significant   differences   in     terms   of   
cumulative   gas   production ,    invitro organic matter digestibility   
(IOMD)   and calculated   metabolizable   energy (ME).    The addition of 
poly Ethylene Glycol (PEG)  significantly increased (p<0.01 )   the gas  
production  from  both  soluble and insoluble fraction (a)    and (b)  ,    
invitro organic   matter  digestibility   (IOMD) and   metabolizable   energy   
(ME)   . The IOMD values of leaves and pods without PEG   ranged from  
 viii
39.7 to 64.5 % and with  PEG   ranged   from 37.9 to 80.0 %. While the ME 
content without PEG   ranged from   5.9 to 10.6 MJ kg/DM   and the   ME 
content with  PEG ranged from 5.7 to 13 MJ kg/DM    The best 
improvement in gas production, invitro organic matter digestibility 
(IVOMD) and   metabolizable energy (ME)   were observed with 50% PEG 
w/w. Generally this improvement indicate  the negative effect of tannins on 
digestibility. 
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  اﻟﺨﻼﺻﺔ   
  
  
 هﺪﻓﺖ اﻟﺘﺠﺮﺑﺔ ﻟﻤﻌﺮﻓﺔ اﻟﺘﺮآﻴﺐ اﻟﻜﻴﻤﻴﺎﺋﻲ و ﻣﻌﺪل ﺗﻜﺴﺮ اﻟﺒﺮوﺗﻴﻦ  ﻻرﺑﻌﺔ ﺷﺠﻴﺮات
 واﺟﺮﻳﺖ اﻟﺴﺪر واﻟﻄﻠﺢ و اﻟﻜﺘﺮ و اﻟﺴﻴﺎل: ﺗﺤﺘﻮي ﻋﻠﻰ ﻧﺴﺐ ﻣﻦ ﻣﺎدة اﻟﺘﺎﻧﻴﻦ وهﻲ 
اﻟﺘﺠﺮﺑﺔ ﻋﻠﻰ اﻻوراق واﻟﺒﺬور اﻟﻜﺎﻣﻠﺔ  وﺗﻢ اﺳﺘﺨﺪام ﺗﻘﻨﻴﺔ ا ﻧﺘﺎج اﻟﻐﺎز ﻓﻲ اﻧﺎﺑﻴﺐ 
 69.27.63.84.42.9.3  اﻟﻜﺮش  وﺗﻢ ﺗﺤﻀﻴﻨﻬﺎ ﻟﻤﺪة زﺟﺎﺟﻴﺔ ﺗﺤﺘﻮي ﻋﻠﻰ ﺳﺎﺋﻞ
آﺎن اﻟﺘﺮآﻴﺐ اﻟﻜﻴﻤﻴﺎﺋﻲ ﻣﺨﺘﻠﻔﺎ اﺧﺘﻼﻓﺎ ﻣﻌﻨﻮﻳﺎ ﺑﻴﻦ اﻻوراق واﻟﺒﺬور وﺧﻼل  .  ﺳﺎﻋﺔ
 5.0آﻤﺎ ﺗﺮوح اﻟﺘﺎﻧﻴﻦ ﻣﻦ %  42اﻟﻰ %61ﺗﺮاوح اﻟﺒﺮوﺗﻴﻦ ﻣﻦ . اﻟﺸﺠﻴﺮات اﻻرﺑﻌﺔ 
 اﻟﺘﺎﻧﻴﻦ و   آﺎن ﻣﻦ اﻟﻮﺿﺢ ﺟﺪا ان هﻨﺎك ﻋﻼﻗﺔ ﻋﻜﺴﻴﺔ ﺑﻴﻦ اﻟﻤﺤﺘﻮى ﻣﻦ2.6اﻟﻰ 
آﻤﺎ آﺎن  هﻨﺎﻟﻚ اﺧﺘﻼف ﻓﻲ ﺣﺠﻢ اﻟﻐﺎز اﻟﺘﺮاآﻤﻲ و اﻟﻤﺎدة اﻟﺠﺎﻓﺔ .  اﻟﺒﺮوﺗﻴﻦ اﻟﺨﺎم 
 enelyhtE ylop  ﺗﻢ اﺳﺘﻌﻤﺎل ﻣﺎدة آﻴﻤﻴﺎﺋﻴﺔ ﺗﺴﻤﻰ . اﻟﻤﻬﻀﻮﻣﺔ  و اﻟﻄﺎﻗﺔ اﻟﻤﻤﺜﻠﺔ 
أدت ، ﻴﻦ  ﻟﺘﻘﻮم ﺑﺘﻘﻠﻴﻞ اﻟﺘﺎﺛﻴﺮات اﻟﺴﺎﻟﺒﺔ ﻟﻠﺘﺎﻧﻴﻦ ﻋﻠﻰ ﻣﻌﺪل ﺗﻜﺴﺮ اﻟﺒﺮوﺗlocylG
ﻳﺎدة اﻟﻮاﺿﺤﺔ ﻓﻲ آﻞ ﻣﻌﺎﻣﻼت اﻟﻐﺎز اﻟﻤﻨﺘﺞ ﺑﺎﻹﺿﺎﻓﺔ ﻟﻠﺬﻳﺎدة ﻓﻲ إﺿﺎﻓﺔ هﺬﻩ اﻟﻤﺎدة ﻟﻠﺰ
ﻣﻦ اﻟﻤﻼﺣﻆ ان اﻟﻄﺎﻗﺔ اﻟﻤﻤﺜﻠﺔ آﺎﻧﺖ ﺗﺘﺮاوح .اﻟﻤﺎدة اﻟﺠﺎﻓﺔ اﻟﻤﻬﻀﻮﻣﺔ واﻟﻄﺎﻗﺔ اﻟﻤﻤﺜﻠﺔ
ﻣﻦ locylG nelyhtE ylop          وﻋﻨﺪﻣﺎ ﺗﻤﺖ اﻟﻤﻌﺎﻣﻠﺔ ﺑﻤﺎدة 6.01 اﻟﻰ 9.5ﻣﻦ 
  .31 اﻟﻰ7.5ﺔ اﻟﻐﺎز اﻟﻤﻨﺘﺞ ﻗﺪ زادت وﺗﺮاوﺣﺖ ﻣﻦ اﻟﻤﻼﺣﻆ ان آﻤﻴ
 ﺗﻌﻄﻲ locylG nelyhtE ylopﺑﺎﻟﻮزن ﻣﻦ ﻣﺎدة  % 05 ﻣﻦ اﻟﻤﻼﺣﻆ  اﻳﻀﺎ ان اﺳﺘﻌﻤﺎل 
  .اﻓﻀﻞ زﻳﺎدة ﻓﻲ آﻞ ﻣﻌﺎﻣﻼت اﻟﻐﺎز اﻟﻤﻨﺘﺞ
    .  ﻋﻤﻮﻣﺎ هﺬﻩ اﻟﺬﻳﺎدة ﺗﺪل ﻋﻠﻰ اﻟﺘﺄﺛﻴﺮ اﻟﺴﺎﻟﺐ ﻟﻤﺎدة اﻟﺘﺎﻧﻴﻦ ﻋﻠﻰ اﻟﻬﻀﻢ 
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INTRODUCTION  
  
  
                Sudan is alarge country with large amount of livestock and 
browsing trees  is important source of forage for small ruminant and camel . 
                 This an importance arise in dry season (November  - June) due to 
the  reduction Of herbages and pasture.  Inadequate amounts and low feed 
quality  result in reduced livestock productivity in  tropical countries. 
                The use of trees and shrub leaves   and   pods by  animal restricted 
by  tannin content (provenza 1995).Tannins are  polyphenolic  substances 
with  various molecular weights  and a  variable    complexity.  These are  
chemically not well-defined substances but rather a group of substances   
with the ability to bind protein (Makkar 2003). 
                In vitro estimation of feed degradation are either substrate 
Disappearance or fermentation  product .  the gas  production  technique  is  
more  reliable than nylon   bag    method   for   determining   nutritive  value  
of feed  containing  anti nutritive Factors (Khazaal et al., 1993). 
                   the presence of condensed tannins that can affect digestibility    
(Donnelly and Anthony, 1970) and are the likely cause of low consumption 
by cattle, which limits its usefulness as a pasture forage component for beef. 
And to eliminate the effect of CT it is recommended to supplement 
Polyethylene glycol (PEG) which binds condensed tannins   , displacing   
bound  proteins  or  preventing initial binding (Jones and Mangan, 1977).                         
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The ability of PEG to preferentially bind condensed tannins and   render   
them   inactive   has been extensively used to evaluate effects of condensed 
tannins on  forages nutrient digestion and absorption, ( Singh et al 2005). 
 
                    The aim of this study was to determine the chemical 
composition of browsig trees of four tannin- containing trees  and   its 
relationships   with invitro gas production parameters, and the effect of 
(PEG) treatment.  
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CHAPTER TWO 
LITRRATURE REVIEW 
 
2.1. Acacia: 
Acacias vary immensely in size and shape from tiny prostrate plants to small 
shrubs, medium shrubs and of  course to  trees, some of   them up to 30 or 40 
metres tall. Acacia  melanoxylon  or A.bakeri  are  a  good  examples. Some, 
like A.peuce, live for up to 1000 years   . And there   are two c limbers! They 
occur in tropical Queensland, one of which A.pennata sp.kerrii, a   bipinnate 
leave liane, has sharp prickles on the stems that enable it to climb up through 
the  tropical  forest  for   about   15   metres and send trailing feathery-leaved 
stems above the tree line.Acacias often occur as colonisers of disturbed land, 
or after fire. Acacia dealbata comes up in the thousands at such  times.  They 
have a life span varying from a   few up   to  about thirty   years and   play an 
important role  in  preparing   the soil   for the longer-lived trees. Acacias fix 
nitrogen in the soil through the activity of a soil bacterium that inhabits,   and 
forms nodules on their roots. Thus   acacias are    important    components  of   
any woodland. 
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2.1.1. A cacia  torrtlis (forsskal) Haina: 
Local name seyal 
A tree ,usually with a flat  or very    broadly   spreading   crown   ,bark   grey  
to black and fissured(IPBPGK, 1984) .The tree flower  between    November 
to April and fruits between January to May (El Amin,1990).  The    tree 
yields an excellent fire wood and charcoal , the bark yield a fiber  for robes 
and can also be used for tanning . The leaves young branches ,and 
particularly the fallen fruits are eaten by  all  species of wild   and domestic   
animal  and it   can be when feed   resources   are scares and mostly low in 
nitrogen ,avery important component of the diet in many parts of arid and 
semi-aridAfrica(IBPGR,1984). 
2.1.2. Acacia seyal var seyal (L.)Del.: 
Local name Taleh 
The tree flowers between November to April  and fruits between January  to 
May (El Amin, 1990 ) . The  tree is generally   said to   make good     
charcoal ,branched are used for fencing  the smoke of the wood is   insect     
repellent, bark, leaves and gum are user in medicine . lopping for forage is a   
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common practice in many parts of Africa as the leaves , pods, young  shoots  
and even bark may be eaten by livestock (Von Maydell, 1986). 
 
2.1.3. Acacia mellifera (VOHI) Benth: 
Local name kitir Ashrub up to 9m high bark pal grey   the   tree   flowering   
between   August to  December(El Amin, 1990). the wood used tool handles 
and also are eaten by sheep and goat. 
2.1. 4. Acacia Z.spina-christi : 
Camels and goat brows   the   leaves and   twigs which are very rich in  
protein  (El Amin, 1990)  also  planted for live fences and hedges ,beside 
medicinal uses.   
     
2.2. What is the Tannin ?: 
Tannins are polyphenolic  substances    with  various  molecular weights and 
a variable complexity. These   are chemically  not well-   defined  substances 
but  rather a  group of  substances  with  the ability to bind  proteins  Tannins   
are   tentatively  classified   into   two classes :  hydrolysable  and  condensed 
tannins  (Makkar, 2003) 
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2.2.1. Tannin effect on animal : 
  
                       The amount of    tannins  that they   contain vary   widely   and 
largely unpredictably, and their effects on   animals range from beneficial to 
toxic and death. With a better understanding of tannin  properties, effects and 
fate  ;  and    with   proper   management   they   could    become  in  valuable 
sources  of   protein   for strategic supplementation.   The effects   and fate of 
tannins in the rumen, and post-absorption, and likely mechanisms of 
adaptation 
to tannins are discussed. Simple methods based on post-harvest   technology, 
treatment  with  low-cost    chemicals  ,   biological    treatments  ,  and 
supplementat-ion  with  tannin-complexing  agents ,  to  enhance  the feeding  
value of   tannin-containing  feeds  ;   and  roles  of  rumen  microbes   in 
degradation an overcoming the detrimental effects of tannins are also 
presented. (Makkar, 2003) 
 
the threshold level at which the rate is affected will be lower as compared to 
the digestibility  . One of the possible reasons for  this  could be t hat tannins 
decrease the attachment of microbes to feed particles. McAllister et al.(1994) 
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2-2-2 Tannin and  its protein binding and Gas production : 
The higher animal performance observed when the diet  contains  low  levels 
of tannins has generally been attributed to the protection of feed protein from 
degradation in the rumen, leading to increase in the  flux of  essentiall  amino 
acids to small intestine and increase in the absorption of essential amino acid 
to blood (Waghorn and Shelton, 1997), Purified tannins from various sources 
affected (decreased) the  rate  of  gas   production far more than  the  ultimate 
plateau value, i.e., extent   of gas   production or the in vitro true digestibility 
(Makkar et al., 1995a)  ,  Therefore,   the threshold level at  which  the rate is 
affected will be lower as  compared  to the  digestibility. One of the  possible 
reasons for this could be that tannins decrease the attachment of microbes to 
feed particles.McAllister et al. (1994). 
 
2.2.3. Tannin and  antinutritional effect: 
 
fresh leaves are rarely consumed by livestock. This may be due to antinutriti-
onal chemicals contained in fresh leaves (Macala et al., 1992).  Acacia  spec-
ies   and mistletoes  that  attach   on   them    in    semi-arid    CT   containing   
fodder trees. At high levels, tannin cause over protection of protein resulting 
in  low utilization of nitrogen (Silanikove et al., 1997). 
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2.3. Chemical composition of acacias : 
 
The result of the study  (Bakengesa et al., 2005 ) In  Browse tree leaves from 
six species of Acacia being: A. angustissima, A. drepanolobium,  A. nilotica, 
A. polyacantha, A. tortilis   and   A. Senegal  found   (CP)  ranging  from 176 
g/kg DM in A. nilotica to 229 g/kg DM in   A. angustissima.   A. nilotica had 
the   lowest   (P<0.05)  neutral  detergent  fibre  (NDF)  , acid  detergent fibre 
(ADF) and acid detergent lignin (ADL) of 222, 134 and  55 g/kg DM, 
respectively, compared to A. polyacantha (505, 393 and 196 g/kg DM,  resp-
ectively). The TEP varied among species from   99  in   A. drepanolobium to 
281 mg/g DM in A. nilotica. TET also varied from 84 (A. drepanolobium) to 
256 mg/g DM in  A. nilotica.  Total CT   varied   between   Acacia spp.,  and 
ranged from 52.8 in A. nilotica to 98.3 mg/g DM in A. polyacantha.  Most of 
CT in Acacia spp. was bound to protein  (22.2-50.5 mg/g DM).   Soluble and 
fibre-bound CT fractions varied (P<0.05) among the   species   from   14.5 to 
22.9 mg/g DM and 13.0 to 28.6 mg/g DM ,  respectively. Addition of PEG in 
vitro   increased   gas   production  ,   OMD and   metabolisable energy (ME) 
content with the highest  response  (P<0.05)  in   A. angustissima   compared 
to other Acacia spp. High levels of phenolics and tannins in Acacia spp .also 
(Mahala and  Fadel Elseed , 2007) found the   CP  were ranged   from 17.5% 
(z.spina-christi)   to   26.6%   (A . nilotica)   and from 19.45% (A . torrtlis) to 
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38.69% (A. . Senegal)   for leaves and   seed   respectively .  Total condensed 
tannin (TCT) content of leave were significantly (p<0.001) higher than those 
of seed and its ranged from 2.3% (Z .spina-christi ) to 4.19% ( A . mellifera ) 
 respectively . ADF and TCT were negatively correlated with gas production 
from fermentable part(b) and potential   gas   production   ( a+b )  ,  while CP 
correlated   positively   .   gas   production   from   fermentable   part  (b) and 
potential gas production (a+b) were significantly (p<0.001)   higher  in   seed 
than in   leaves   64.94 ml   and   54.98   ml    respectively   this  due to   their 
high content of CP and low content   of   TCT . 
 
2.4. Invitro gas production   
The in vitro gas production and the  fermentation   parameters   indicated  the 
presence of potential degradable nutrients in foder trees(Arigbede et al 2006) 
so the soluble fraction (a)  in addition of  PEG had no effect  on  gas 
production from the immediately soluble fraction (a) ( Kamalak et al.,2005). 
 
The insoluble fraction (b) and potential gas (a+b) with PEG supplementation 
increased the  gas  production   from  th  insoluble  fraction (b)  ( Kamalak et 
al.,2005)  and  (Mahala and  Fadel Elseed, 2007) .  So   potential gas (a+b) is 
associated with degradability of feed (Khazaal et al 1995) and (Getachew et 
al 2004). 
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Generally ther is evidence  of the in  vitro  gas  production  parameters deter-
mined  in  the  presence  or  absence  of   PEG  indicating  the relative effects 
of tannins in these forages on substrate degradability and nutrient 
partitioning.( Singh et al 2005). 
  
 2.4.1. Chemical constituents and gas production correlation :  
 
                   gas production  values   generally  are   related by  the   chemical 
constituents negatively   or     positively   so   Cp  were   positively correlated 
with the   rate   of    fermentation      fraction (c)    ,  fraction (b)  and fraction 
  (a+b)  finding   (kamalak et al. , 2005). 
A significant  correlation  was   observed  between  per  cent   change  in  gas 
production  on  addition  of  polyethylene   glycol  (PEG) and the contents of 
phenolics(Makkar et al. , 2002). 
fermentable part(b) and potential gas production ( a+b ),  CP correlate  posit-
ively    with   gas   production   value (Mahala and  Fadel Elseed, 2007) . Gas 
production parameters (b) and (a+b) negatively correlated with TCT  (Frutos 
et al.,2002)  .  Most   parameters  of  gas are  negatively correlated with ADF 
(Abdulrazak et al. ,2000 )  . Cp were positively  correlated   with  the  rate of 
fermentation fraction (c) ,fraction (b) and fraction (a+b) finding (kamalak et 
al. , 2004) so the addition of PEG  has a significant correlation was  observed 
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between per cent change in gas production on addition  of   polyethylene gly-
col (PEG) and the contents of phenolics(MAKKAR et al. , 2002). 
           The correlation coefficients between in vitro gas     production and the 
chemical constituents of the forages were generally negative shows that there 
were positive correlations between in-vitro gas production and crude protein, 
and ash content(Arigbede et al 2006). 
The    negative   correlation    recorded    between   NDF and in vitro gas was 
supported by Nsahlai et al (1994). 
 
Values of the in vitro gas production parameters determined in the   presence 
or absence of PEG indicate the  relative  effects  of  tannins in these   forages 
on substrate degradability and nutrient partitioning. ( Singh et al 2005) 
 
Negative correlations between cell wall constituents and in vitro  gas  param-
eters   may   indicate   the   detrimental    effect such compounds exert on gas 
production (Cerrillo et al 2005). 
   Generally gas produce from pods was    higher   than   leaves   due to   high 
TCTin leaves so gas production from fermentable part (b)  and potential  gas 
production (a+b) were significantly (p<0.001) higher in  seed   than in leaves 
64.94ml and 54.98ml respectively.  This due to their high content of  CP  and 
low content of TCT th e rate of fermentation   fraction   (c)  was significantly 
higher in seed than in leaves  and  the gas   production   of   tree   leaves  and 
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seed increased with increasing incubation time this reported by  (Mahala and 
 Fadel Elseed, 2007).  And (Khazaal et al 1995).    
 
 
         The PEG supplementation had also a significant effect on the estimated 
parameters of OMD  and ME  ,   PEG    supplementation    increased  the gas 
production  from the insoluble fraction (b)   whereas  PEG   supplementation 
had no   effect   on    the   gas  production   from  t he    immediately   soluble 
fraction (a), and the gas production rate (c) ( Kamalak et al.,2005). 
fermentable part(b) and potential gas production ( a+b ),while CP  correlated 
positively .  gas  production  from   fermentable part   (b)   and   potential gas 
production (a+b) were significantly (p<0.001) higher in   seed than  in leaves 
64.94ml and 54.98ml respectively  this due to their high  content of   CP  and 
low content of TCT the rate of  fermentation  fraction   (c)  was  significantly 
higher in seed than in leaves and the gas  production of tree  leaves  and seed 
increased with increasing incubation time (Mahala and  Fadel Elseed, 2007). 
 
Gas production parameters  (b)  and   (a+b)   negatively  correlated with TCT 
(Frutos et al.,2002). 
Most      parameters      of     gas    are    negatively    correlated    with   ADF 
(Abdulrazak et al. ,2000 ). 
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Cp were  positively   correlated   with  the rate   of fermentation   fraction (c) 
,fraction (b) and fraction (a+b) finding (kamalak et al. , 2004). 
 
A significant   correlation  was   observed    between   per  cent change in gas 
production   on  addition   of polyethylene   glycol (PEG) and the contents of 
phenolics(MAKKAR et al. , 2003) 
 
The   correlation    coefficients   between in  vitro   gas   production   and  the 
chemical constituents of the forages were generally negative shows that there 
were positive correlations between in-vitro gas production and crude protein, 
and ash contents (Arigbede et al 2006). 
Agreement with the negative correlation recorded between NDF  and in vitro 
gas recorded by Nsahlai et al (1994). 
 
Gas  production   in   vitro  is  inhibited   by presence   of  tannins, especially 
condensed tannins in the sample Makkar (2003). 
Values of the in vitro gas production parameters   determined in the presence 
or absence of PEG indicate the relative effects of tannins in these forages  on 
substrate degradability and nutrient partitioning.( Singh et al 2005). 
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Negative   correlations   between   cell   wall   constituents   and in   vitro gas 
parameters may indicate the detrimental effect such compounds exert  on gas 
production(Cerrillo et al 2005). 
 
 2.5.Poly ethylene glycol role: 
 
PEG preferentially binds  with   tannins   resulting in   the   reversal of tannin 
effects    (Hove and Mpofu, 1996)  .   The ability   of   PEG   to  enhance  the 
utilization    of   CT    containing fodder trees have  previously been reported 
( Hove  and  Mpofu 1996)  .   The     high   CP   digestibility   and    NH -N 3 
concentration was partly attributed to tannin deactivity of PEG (Moujahed et 
al., 2000). In contrast  ,   reported   reduced N-retention  with PEG treatment. 
This was also observed by Yildiz et al. (2005). PEG are   also   considered to 
break already formed tannin–protein complexes, as their affinity   for tannins 
is higher than for proteins. This property of these tannin-complexing  agents, 
in particular of PEG of molecular weight 3500  or 4000  has  been   exploited 
by    various    workers   to alleviate   the  effects   of tannins . PVP  and PEG 
of    different   molecular   weights are   available   commercially. Systematic 
investigations were conducted on the binding efficiency of  PVP (  molecular 
weights: 10,000,  40,000   and   360,000) and PEG (molecular weight: 2000–
35,000) in order to identify the   most   effective t  annin-complexing   agents 
(Makkar et al., 1995c). 
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PEG supplementation had a significant effec on   the gas production   , OMD 
and   ME   content   of   Quercus cerris   leaves  . The    improvement  in  gas 
production  , OMD and ME depended on the level of PEG. 
PEG supplementation to improve the   nutritive   value of   tannin-containing 
tree leaves should be evaluated in animal response trials to ascertain whether 
or not it is economical  before    large scale    implementation   (kamalak et al 
2005). 
The  PEG supplementation  increased  the  gas production and volatile   fatty 
acid production. The increase in the gas production in the presence of PEG is 
possibly due to an increase in the available nutrients to rumen               
micro-organisms, especially the available nitrogen   Getachew et al. (2002). 
 
2.5.1. Polyethylene glycol (PEG) Types: 
               The affinity of    PVPs   for tannins    was   lower   than  of   PEGs 
Furthermore,binding of insoluble PVP (PVPP) to tannins was lowest at pH = 
7 and the binding with PEG 6000 was the same from pH = 4.7–7, except  for 
quebracho tannins for which the binding increased as  the  pH  approached 7. 
The binding with PEG 2000 decreased to a greater extent, as the pH reached 
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near neutral and for PEG 4000 this decrease was  slightly  lower.   The PEGs 
were the most effective followed by PVPs and PVPP. The PEG  35,000  was 
the least effective amongst PEGs. The efficiency of other PEGs  was similar. 
The PEG 6000 may be preferred for inactivation  of  tannins in   feedstuffs as 
its   binding to   tannins  was  highest  at  near neutral pH values. The tannin-
complexing agents, such as PEG can be used both by farmers as  well  as  by 
the industry.Farmers can ingest PEG to animals through water, by mixing in 
a small  amount  of  concentrateor  by  spraying   on   tannin-rich   feedstuffs. 
Industry can incorporate PEG  in   a pelleted  diet composed  of    ingredients 
including   tannin-rich   by-product (s) . Although , amongst  various  tannin-
complexing agents  investigated  ,  PEG  of molecular weight   6000  was the 
most effective in binding  to  tannins   at  near   neutral   pH  values,   PEG of 
molecular   weight   4000   or   6000  had similar effect on increase in the gas 
production   from tannin-rich  feeds when   incubated  in  vitro in presence of 
rumen microbes. The efficiency of PVPs for binding to tannins  and  increase 
in the  gas  production  in  presence  of  PEG  was  much  lower  compared to 
PEGs (Makkar et al., 1995c). 
 
The incorporation of PEG had beneficial effects for feedstuffs such             
as Quercus calliprinos, Pistacia lentiscus, Ceratonia siliqua (Silanikove et 
al.,1994), Acacia aneura (Eady et al., 1990) which are rich in 
tannins(condensed tannin content: 5–10%) Inactivation of tannins through 
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PEG increased availability of nutrients and decreased microbial inhibition, 
which in turn increased degradability of nutrients leading to higher animal 
performance. On the other hand, for L. corniculatus, the condensed tannin 
content of which varied from 2 to 4%, addition of PEG decreased wool 
growth, weight gain (Wang et al., 1994). 
 
2.6 .Other method to decrease Tannin effects : 
2.6.1. Wood ash: 
Wood ash, available easily and at no cost in villages, is a good source of 
alkali. A 10% solution of oak wood ash decreased the content of total 
phenols, condensed tannins and protein precipitation capacity by 66, 80 and 
75% in oak leaves, whereas these values for pine wood ash were 69, 85 and 
80%, respectively (Makkar and Singh, 1992a). Higher effectiveness            
of pine wood ash was attributed to a higher level of alkalis in the pine wood 
ash (pH values of 10% ash solution of pine and oak woods were 11.3 and 
10.5,respectively). Magadi soda (sodium sesquicarbonate, sodium carbonate 
and sodium bicarbonate), another unrefined material containing alkalies has 
also been shown to reduce assayable tannins in sorghum by 40–50%. Wood 
ash solutions have also been used traditionally for treatment of high-tannin 
containing sorghum and millet for human consumption (for referencesee 
Makkar and Singh, 1992a). The use of wood ash, a cheap source of alkali 
holds potential for detanninification of tannin-rich feedstuffs. 
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2.6.2. Storage: 
Effects    of     storage   and urea   addition   were also investigated, as these 
approaches do not require expertise or corrosive   chemicals  . The   rate  and 
extent   of decrease  of  both total   phenols   and condensed  tannins    were                   
highest at 37 .C, followed by 50 .C and room   temperature  ,  on   storage  of 
whole fresh leaves containing 40% moisture. Storage of fresh leaves at 37 .C 
after chopping increased these values . Further   increase in these  values was 
observed on increase of moisture to 55%. The change in protein precipitation 
capacity  was   also similar   to   that   for total phenols or condensed tannins.   
Addition of urea and then storage (urea-ammoniation) increased the extent of 
tannin inactivation. At 4% urea in fresh leaves (moisture adjusted to 55%, 30 
.C), the reduction in total phenol and condensed tannin   was  88  and  100%, 
respectively  ,  on  day  10 .  The  in sacco   dry  matter  digestibility  did  not 
decrease up to day 5. Thereafter, a decrease in  the   dry  matter   digestibility 
was observed. The decrease in the values of total phenol , condensed  tannins 
and protein precipitation capacity were 55 ,  77 and 65%, respectively, at day 
1  and 72  ,  89  and  83% ,  respectively  ,  at  day 5   . The relative degree of 
polymerisation increased on storage of leaves (Makkar and Singh, 1993). 
The ‘chopping of leaves and then   storage’ has found practical application at 
the farmer’s door and is being adopted without any problem  ,  as  it  requires 
only a slight change in normal management practices. Instead of feeding  the 
leaves on the same day as they are lopped, they  need   only be  chopped  and 
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stored for about 5–10 days before feeding. The use of urea calls for resources 
and some degree of education—the lack of which has hindered  the  adoption 
of this approach. The higher extent of inactivation of tannins by  chopping of 
leaves could be due to  oxidation  of tannin s by  phenol  oxidases  present in 
leaves, as chopping is expected to increase the availability of  tannins  to  the 
enzyme. In addition , inactivation of  tannins  during storage was due to their 
polymerisation to higher ‘inert’ polymers (Makkar and Singh, 1993).  
 
2.6.3. Drying: 
 
Drying of mature oak leaves under different conditions (90 .C for 24 h, 60 .C 
for 48 h ,  shade  drying for 24 ,  48 and 72 h and sun drying for 24 and 48 h) 
had   no  effect  on the levels  of total   phenols   , condensed tannins , protein 
precipitation capacity, degree of polymerisation, specific activity  of  tannins 
and bound condensed tannins. On the other hand ,  drying  conditions  (90 .C 
for 24 h) decreased tannin content in cassava and leucaena leaves. One of the 
reasons  for  this  difference  was found   to  be different level of  moisture in 
these leaves. Cassava and leucaena leaves had about 65%  moisture  whereas 
oak leaves had 40%. Increase of moisture of oak leaves followed by the heat 
treatment decreased   tannin  levels  (Makkar and Singh, 1991b)  .  Similarly, 
removal of water from leucaena leaves by  lyophilisation  also  decreased the 
extent    of tannin   inactivation by   the heat   treatment  .      The steaming or 
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autoclaving     (1.05 kg/cm2) for 10 or   20   min   of  fresh   oak   leaves   did 
not decrease the level of total phenols, condensed tannins  ,   ellagitannin and 
protein precipitation capacity. At a 1:2 ( w/v ) ratio  of dry ground leaves and 
water, steaming and  autoclaving for 10 min  reduced   protein   precipitation 
capacity by 25 and 53%, respectively.  Increase   of   treatment  time  did not 
increase   the  reduction  in tannin  .   The in  sacco  dry matter    digestibility 
increased marginally (from 24 to 27%) on steaming or  autoclaving  (Makkar 
and Singh, 1992b).  
The above drying conditions do not appear to hold  promise for   inactivation 
of tannins in oak leaves, but could be effective for feedstuffs   having  higher 
moisture content. 
 
2.6.4. Chemicals: 
Extraction with aqueous organic solvents (30% acetone, 50% methanol, 40% 
ethanol) removed about 70% tannins from oak leaves. The advantage of 
using these organic solvents is that these can be recovered for reuse and the 
tannins can be used for the tanning of leather. The reduction in tannins in 
oak leaves using alkalies ranged between 70 and 90%. Sodium hydroxide 
(0.05 M) was the most effective, followed by sodium carbonate (0.05 M) 
and sodium bicarbonate (0.1 M). The reduction in tannins due to alkali 
treatment is due to oxidation of phenolics by oxygen (present in air) at 
higher pH values. The oxidising agents, potassium permanganate (0.03 M) 
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and potassium dichromate (0.02 M) decreased tannin level by about 95% 
Makkar and Singh, 1992c. Ferrous sulphate (0.015 M), a tannin-complexing 
agent reduced tannins by 85% These treatments affected the extractable 
condensed tannins to a larger extent than the bound condensedtannins. 
Alkalis and oxidising agents decreased th relative degree of polymerisation 
whereas ferrous sulphate increased it. Ferrous sulphate is known to form 
complex with tannins (Deshpande et al., 1986) and increase in the degree of 
polymerisation in the treated material could be due to binding of phenolics 
throughferrous ions. Specific activity of tannins (protein binding capacity 
per unit phenols) in the treated oak leaveswas lower than that of the 
untreated leaves. The useof alkalis and oxidising agents has the potential for 
detanninification of oak leaves. Storage of purified tannins from different 
sources at different pH values and at different temperature showed decrease 
in tannin levels by both chemical and protein precipitation methods. Also 
there was no defined peak for the assay medium near 550 nm following the 
butanol–HCl–iron method for the purified tannins when stored at pH = 11. 
The stirring of tannins, which possibly increased their exposure to oxygen, 
increased the rate of inactivation (Makkar and Becker, 1996b). These 
observations suggested that the decrease of tannins on using oxidising agents 
and alkalis was due to their inactivation.Based on these results, some agro-
industrial by-products (seeds of A. nilotica, Mangifera indica and 
Tamarindus indica) and oak leaves were also detanninified by using 
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hydrogen peroxide (a strong oxidizing agent) in the presence of sodium 
hydroxide. The decrease in tannin content was as high as 99% (Makkar and 
Becker, 1996b).The results of the study (Makkar and Becker,1996b) also 
highlighted a problem related to quantification of tannins in samples treated 
with alkalis.During extraction of tannins from alkali-treated materials, 
tannins were inactivated due to alkalinity in the 250 H.P.S. Makkar / Small 
Ruminant Research 49 (2003) 241–256 extraction medium, thereby giving 
an underestimate of the actual tannin levels. The alkalinity in the extraction 
medium results from the residual alkali present in the treated materials. A 
solution to this problem is also presented in Makkar and Becker (1996b). 
Extraction with organic solvents (acetone, methanol, ethanol) and treatment 
with oxidising agents (potassium dichromate, potassium permanganate and 
alkaline hydrogen peroxide) were very effective and removed/inactivated up 
to 90% of the tannins in oak leaves (Makkar and Singh, 1992c) and up to 
99% in agro-industrial and forestry by-products (Makkar and Becker, 
1996b). The use of oxidising agents holds promise for a large-scale 
detoxification of tannin-rich feedstuffs because of their low cost. These 
approaches are very simple, do not require complex equipment and are 
likely to be adopted by the feed industry in the future both in developing and 
developed countries. In addition, potassium permanganate is easily available 
in villages in developing countries (generally used for cleaning water in 
wells), is non-corrosive and hence farmers can use this chemical at home for 
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detannini- fication of tannin-rich feedstuffs. The use of organic solvents for 
extraction of tannins has an advantage over oxidising agent as the tannins 
can be recovered for the tanning of leather or for other industrial 
applications(Makkar, 1988). The oxidising agents convert tannins to 
quinone, which are not capable of forming tannin–protein complexes under 
normal physiological conditions. However, the use of organic solvents is 
expected to be more expensive, provided the cost of tannins recovered is 
higher than the cost of organic solvents used in the treatment. These 
detanninification approaches, in particular for agro-industrial and forestry 
by-products could help alleviate the problems posed by the disposal of 
various agro-industrial by-products and the shortages of conventional feeds. 
2.6.5. Solid-state fermentation: 
Another approach that has  been tried    is   the   biodegradation    of   tannins 
(Makkar et al., 1994)  using    white-rot fungi   (Sporotricum  pulverulentum, 
Ceriporiopsis subvermispora  and  Cyathus steroreus). Fermentation   of  oak 
leaves  with   S .pulverulentum   decreased    the content  of total phenols and 
condensed tannins by 58 and 66%, respectively, in 10 days ,  and the  protein 
precipitation capacity decreased by 65%. Further  increase   of   fermentation 
time up to 40 days did not increase substantially, the tannin degradation. The 
in sacco dry matter digestibility of the fermented leaves was reduced by 10% 
units (from 27 to 17%). Use of other white-rot fungi ,  C.\subvermispora  and 
C. steroreus leads to a substantial degradation of condensed tannins  (ca. 56–
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65%) in 3 weeks in Sericea  lespedeza  leaves.   C. subvermispora   exhibited 
a greater efficiency at removing condensed   tannins   than   did   C. steroreus 
(Gamble et al., 1996). These fungi have been shown to increase  the  in  vitro 
digestibility  of  S. lespedeza   leaves   by threefold   (20–60%  ) . Increase in 
digestibility for S. lespedeza leaves and decrease in oak leaves could be due 
to different nature   of  leaves, different white-rot fungi, and lower fermentat-
ion time used in studies with S. lespedeza leaves. Increase   in    fermentation 
time   decreases  cell   solubles  (consumed by the fungi for its growth)  .  An 
optimum   time     of incubation has to be found at   which   tannin and lignin 
degradation    is    considerable     with      minimum    loss    in  cell solubles. 
Characterisation   of   enzymes    responsible    for  degradation of condensed 
tannins    in     white-rot   fungi should  be  attempted  . These white-rot fungi 
degrade another polyphenol, lignin. This approach though in its infancy, may 
also   find   a place   in   industry   in   the   future. Further studies are needed 
to exploit the full    potential of this approach   .   The above technologies for 
detanninification of tree leaves on a small-scale   industrial level do not seem 
to be economically  viable   because  large  quantities  of  leaves  are  seldom 
available in one place  ( unlike  agro-industrial  by products) and the  cost  of 
collecting them is high. There is a lack of information  on  judicious  lopping 
of tree leaves and  strict control  ,  especially in developing  countries, on the 
extent of lopping. Even  if  the  information  were  available ,  its  application 
would  seems  to  b e difficult  ,  particularly  when  interests of industries for 
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detanninifying   or  making  protein  supplements   from  trees  or  shrubs are 
at stake. However ,   the  detanninification technologies   presently  available 
may well set the stage for utilisation of agro-forestry. 
 
2.7. Acacia features : 
Acacias hav different features in different domain , this kind of uses 
conducted by (Coe et al., 1999): 
 
2.7.1. Adapted for the Hot and Dry:  
African savannahs experience hot and often dry conditions, so  plants    must 
find ways of retaining moisture. The  way  in  which   acacias  have   evolved 
to do this, is to have their leaves divided into dozens of tiny leaflets  (pinnae) 
which can be held horizontally  to  capture  sunlight  or  vertically  to  reduce 
transpiration .  Leaves  with  a  large  surface area are prone to dry out in  the 
absence of shade or moisture, so are not suitable for savannah trees  .  Acacia 
foliage is sought after by many browsing animals - from  giraffe  to  beetles - 
and here too it helps for them to be divided, as the tiny leaflets left behind by 
the browsers can continue to perform their vital photosynthesis function. 
 
Many acacias have exaggerated umbrella-shaped crowns which   enable   the 
tree to capture the maximum amount of sunlight, with the   smallest  possible 
leaves. Some species have deep tap root systems, allowing them to survive in 
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semi-arid terrain along dry watercourses (they tap into the water table) while 
others have shallow but extensive splayed  root  systems  to  capture   limited 
rainfall in dryer areas. The well-known  Fever  Tree which grows along  lake 
fringes and on poorly-drained clay  soils  also has  a shallow root system ,  in 
order to avoid waterlogging. 
2.7.2. Improving the Soil: 
Acacias belong to the group of pod-bearing plants  known  as   legumes  and 
have the remarkable ability to enhance soil fertility. The activity of microbes 
associated with roots of  acacias   (and other legumes such as Lucerne)  fixes 
nitrogen to soil particles and so improves  fertility  .  Experiments  have  also 
shown that soil fertility is higher below the canopies of acacia trees  ,  due  to 
leaf-fall and   decomposition  ,  and   the   accumulation   of   droppings from 
roosting birds and from herbivores seeking shade. 
 
2.7.3. Food for the Masses, but Varied defences: 
Just about all parts of  an   acacia  tree  are   edible to one kind   of  animal or 
another, and in many parts  of   Africa  their  small  leaves  provide  the  only 
greenery in the dry season  , so  are  bound  to  be  eaten  .  The  roots may be 
sought after by porcupines, the tiny leaflets by macro   and micro-herbivores, 
the sticky sap by galagos, the flower nectar by bees and butterflies, the seeds 
by   bruchid  beetles , and the stringy bark by elephant   . Along with grasses, 
acacias   are   the   "building blocks"   of   African    savannahs - propping up  
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a colossal food pyramid with super predators at the apex. 
 
With so many creatures making a living from  their  growth  efforts  ,  it is no 
wonder that acacias have evolved some  of  the  most  effective and  cunning 
defences in the plant kingdom. Acacia thorns may   be   straight   or   hooked 
depending  up  on   the   species   (only the Umbrella Thorn has both)      and 
these are capable of keeping all but the largest browsers at bay. Interestingly, 
straight thorns have been shown to pose little deterrent to impala  ,  while the 
much smaller  hooked  thorns  succeed in  keeping   them   at bay  .   Giraffe, 
however, have leathery tongues which feel no apparent  pain   against   either 
hooked or straight thorns, and millions of browsing  insects  and their  larvae 
can simply crawl around the thorns to  feed  on the leaves . To  combat  large 
mammalian browsers some acacia trees - such as the  Knob  Thorn  -  release 
chemicals in the form of toxic tannins which render the  leaflets   unpalatable 
and cause giraffe or kudu to move on to another tree . To  reduce  the  impact 
of browsing insects, some acacia species have developed an association  with 
biting ants - ant-plant    mutualism – which     is one of  the   most  intriguing 
relationships in the natural world. 
 
2.7.4.  Ants and Acacias : 
 
Among  the  most  important  insect  browsers  of  acacia   trees  are  beetles, 
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grasshoppers   and   the larvae   (caterpillars)  of   butterflies  and moths. In a 
masterful strategy to ward off these micro-herbivores, some  acacias  provide 
food and shelter, in return for defense, to cocktail ants. The  ants  live  inside 
the   swollen   bases  of   thorns  (Whistling Thorn is perhaps the best-known 
example) and feed on sweet sap exuded from pores at the  tips  of  the  acacia 
leave  . In  order  to maintain such ideal living and foraging quarters, the ants 
patrol the branches and will gang up and physically  bite  any  herbivore  that 
threatens the plant. Insects quickly retreat, and  even giraffe  and  rhino  have 
been seen to become irritated and move  off with the unwanted  attentions  of 
aggressive ants. Amazingly, the ants also nip off the growth tips and  tendrils 
of strangling vines which threaten to suffocate the tree - and thus their home. 
Acacias still rely on insects for cross-pollination, however it is remarkable to 
note that the patrolling cocktail ants are least active at the hottest time of day 
- when browsers are seeking shade but bees are out looking for nectar; in this 
way, they do not disturb the pollen-gathering bees from their important task! 
 
2.7.5. Valuable Fuel : 
The wood of many acacia trees is renowned  for   its excellent fuel properties 
and can also produce good charcoal. Since many African people still rely  on 
wood as fuel for cooking and heating it is essential that acacia woodlands are 
managed effectively in order that the  trees  do  not  disappear altogether  . In 
areas that have  been   overgrazed  ,   bush-encroachment   by  acacia and the 
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related    Dichrostachys   (as well  as  other  species)  is   commonplace    and 
restorative land management can harvest this resource as attempts are   made 
to   restore   savannah conditions (i.e. trees and grass). Acacia sap or   gum is 
another important product and the   Sweet Thorn and Scented Thorn produce 
copious amounts which can be used as a glue. "Gum Arabic" was   originally 
derived from the Three-hook Thorn and synthetic alternatives are   now used 
as a binding compound in cosmetics, medicines, fast foods and paints. 
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CHAPTER THREE  
MATERIALS AND METHODS 
 
 
3.1. samples  
Leaves and pods samples from four fodder trees ( TL,ZL,ML,SL,TB,ZB.SB 
and SB  ) were collected by hand from ten different trees from around 
Khartoum. Leaves and pods were then pooled, shade-dried and ground to 
pass a 1 mm sieve for later analysis and determination. 
Where    
TL  = Acacia  torrtlis leaves 
ZL =  Acacia Z.spina-christi  leaves 
ML= Acacia mellifera leaves 
SL=  Acacia seyal leaves 
TB  = Acacia torrtlis pods 
ZB = Acacia Z.spina-christi  pods 
MB = Acacia mellifera pods 
SB = Acacia seyal pods   
3.2. Chemical analysis:  
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Proximate analysis of leaves and pods samples were carried out according to 
AOAC (1990). Contents of neutral detergent fiber (NDF) and acid detergent 
fiber (ADF) were determined by the method of Van Soest et al (1991). Total 
condensed tannin (TCT), was determined by the butanol-HCL method 
(Makkar et al 1995).  
3.3. In vitro gas production  
In the absence and presence of PEG (50% and 100% w/w, MW, 4000; 
Sigma, UK), the leave and pod samples (200 mg DM) were incubated in 
vitro with rumen fluid in calibrated glass syringes of 100 ml following the 
procedures of Menke and Steingass (1988) in two successive runs. Rumen 
fluid was obtained from two fistulated steers fed alfalfa hay ad libitum and 
1Kg each of concentrate mixture. Gas production was recorded before 
incubation (0) and 3, 6, 12, 24, 48, 72 and 96 h after incubation. Total gas 
values were corrected for blank. Cumulative gas production data were fitted 
to the model of Ørskov and McDonald, (1979) using the following equation. 
p = a + b (1-exp -c t) 
Where: 
        p represents gas volume (ml) at time t,  
        a the gas produced from soluble fraction (ml),  
        b the gas produced from insoluble but fermentable fraction (ml),  
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        (a+ b) the potential gas production (ml), and  
        c the rate constant of gas production during incubation (ml h-1). 
The metabolic energy (MJ/kg DM) content and OMD (%)  of leaves   and 
pods were calculated using equations suggested by Menke et al  (1979) as 
follows: 
ME (MJ/kg DM) = 2.20 + 0.136 GP + 0.057 CP 
OMD (%) = 14.88 + 0.889 GP + 0.45 CP + 0.0651XA 
Where  
GP: 24 h net gas production (ml/200 mg DM), 
CP: Crude protein (%),  
XA: Ash content (%). 
3.4. Statistical analysis 
Data on chemical composition was subjected  to  the  analysis  of     variance 
(ANOVA) in a completely randomize  design using   GLM  of   Statistica for 
windows (1993). Data on the in vitro gas production kinetics, OMD and ME 
contents of leaves and pods   were  subjected  to  the  two  way  of   ANOVA 
using GLM of Statistical for windows (1993) . When  F- test  was 
significant the  mains   were   separated by LSD  .  Pearson’s   correlation 
was   used to establish the relationship between   chemical   composition  and 
in   vitro gas production parameters.  
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CHAPTER FOUR 
RESULT 
4.1.Chemical composition : 
              Crude   protien   was   significantly  (p<0.01 ) higher  in  A.torrtlis 
and z.spina pods than in leaves , while CP content were  higher in  
A.mellifera  and seyal  .  Crud  protein  was  ranged  from  17.5% To 24.2% 
and from 16% to 23.7% for leaves and pods respectively Table 1. 
             Ash content  of leaves   were significantly  (p<0.01) higher   those of 
pods Table 1  . 
                Ether  extract ware significantly  (p<0.01)   highe r in  leaves  than 
those of pods  except   in  mellifera which  more  or less  value 2.6% to 2.8% 
respectively Table 1  . 
               ADF and NDF content  were significantly different  (p<0.01) 
among leaves and pods however leaves seems having higher values Table 1.  
Total condensed tannin of leaves was significantly (p<0.01)higher  than  
those of pods Table 1.   
4.2. Gas production parameters : 
Gas produced from soluble Fraction (a) were significantly (p<0.01) higher in 
leaves   than   pods  in   the  three  levels  of  PEG  (0 %PEG ,  50%PEG and 
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100%PEG) .control samples  (0%PEG) having significantly (p<0.01)  higher 
value than  those  treated by  50% PEG  and  100%PEG   respectively  .  Gas 
produced  from  insoluble  Fraction  (b)   were  significantly (p<0.01)  higher 
in pods than those of leaves in the three levels of PEG .  Samples  treated  by 
(50%PEG)  and  (100%PEG) Significantly  (p<0.01)   having   higher values 
than control (0%PEG) samples in both leaves and pods . Table (2)  
Rate of gas production Fraction (c)were significantly(p<0.01) higher in pods 
than those of leaves in the three  levels  of  PEG  control  sample   (0 %PEG) 
,(50%PEG) and  (100%PEG) . However fraction   (c)   in treated  leaves  and 
pods were significantly (p<0.01) higher than control  (0%PEG). Table (2) 
Potential gas production Fraction (a+b) was  significantly   (p<0.01  )  higher 
in pods than those of leaves in  three levels the three levels of PEG .  Control 
sample (0 %PEG) having lowest values.Table (3)   
4.3. Gas and ME and IOMD Evaluation : 
Accumulative  gas ,  metabolic  energy  ME and   In    vitro   organic   matter 
digestibility IOMD values were more or less significantly (p<0.01) higher in 
pods than those of leaves  in  the three levels of PEG. While the  addition  of 
PEG    leads   generally   to   increase  in   accumulative gas volume, ME and 
IOMD, but significantly (p<0.01) only in ZB   Table (3) . 
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4.4. Correlation Study : 
TCT were   negatively   correlated   with fraction  (b) and (a +b) , ADF were 
negatively   correlated   with   most  of the  estimated   parameters  .   there is 
negative   correlation   between   potential gas production and ADF and TCT 
,  CP   were  positively   correlated  with the rate of fermentation fraction (c), 
fraction (b) and fraction (a + b) Table (4).  
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Table 1: Chemical Composition of four Browsing trees ( leaves and pods) 
 
 
 
 
 
 
 
TL: A.torrtlis leaves  &TP: A.torrtlis pods 
ZL: A.Ziziphus leaves  &ZP: A.Ziziphus pods 
Ml: A.mellifera leaves & MP:A. mellifera pods 
SL: A.seyal leaves &SP: A.seyal pods 
 
 
 
 
 
 
 
 
 
 
 
            PROTEIN ASH E.E ADF NDF TANNIN
TL 19.1b 5.9c  3.6a 36.2b 44.2cd 4.8b 
ZL 17.5c 10.5a 1.7e 43.8a 39.3de 2.3d 
ML 24.1a 9.8a  2.6d 35.4b 64.7b 5.1b 
SL 19.4b 10.3a 2.7c 33.8b 46.9c 3.5c 
TB 19.4b 6.0c 1g 35.2b 43.5cd 1.2e 
ZB 23.7a 3.5d 0.8h 18.5c 72.3a 0.5f 
MB 16.0d 6.7b 2.8b 35.7b 43.03cd 5.0b 
SB 19.3b 5.6c  1.2f 32.9b 36.1e 6.2a 
SE 0.23 1.6 0.003 1.99 0.006 0.24 
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Table 2: Gas Production Parameters of four Browsing trees (leaves and  pods) at three 
levels of Poly ethylene glycol 
 
 
a    the gas produced from soluble fraction (ml)  
b    the gas produced from insoluble but fermentable fraction(m 
(a+ b)    the potential gas production (ml) 
c   the rate constant of gas production during incubation (ml h-1). 
SE   stander error 
  PEG
LVL%
TL ZL ML SL TB ZB MB SB
a 0 
 
3.1
 a
 
-3.3
 bcd
0.99
 ab 
 
-0.97 abc -3.8 bcde -10.9 g -7.1 defg -2.6 bcd 
 50  
-0.8
 abc
-3.5
 bcde 
 
-1.6
 abcd
 
-1.9
 abcd
-3.3
 bcde -12.1 g -2.4 bcd -2.7 bcd 
 100 
28.5
 ijk -0.1
 abc   -2.8 bcd   -2.2 bcd 
-4.1
 bcde 
  
-9.7
 fg   -4.5 cdef -4.2 bcde   
b  0  
22.1
 k
 
55.4
 bcd
37.2
 efghijk 
 
31.3
 ghijk
29.7
 hijk 66.9
 ab 46.8 defg 37.8 efghijk 
 50  
24.3
 jk
 
50.3
 cde
 
44.1
 defghi
 
34.2
 fghijk
37.9
 efghijk 65.5 abc 46.3 defg 
40
 defghij   
 100 28.5 ijk 47.3 def 
43.8
 defghi 39.3
 efghij 36.6 efghijk 73.1 a 44.6 defgh 43.3 defghi 
c 0 0.03 gh 0.04 defgh   0.03 gh 0.04 fgh 0.06 cd 0.05 bc 
0.09
 a   0.05
 cde 
 50 
0.03
 gh 0.04
 efgh 
0.03
 gh 0.03 gh 
 
0.05
 cdef 0.05 bc 0.08 ab 0.07 bc 
 100 0.02 h 
0.07
 bc 
   
0.02
 h 0.03 gh 
0.04
 defg    0.06 bc 0.09
 a     0.07 bc    
A+b 0 
25.3
 jk 52.1
 abcd     25.3 jk     30.4 ghijk  25.9 ijk   55.9 ab 
39.7
 efgh 
 
35.2
 efjhijk 
 50 
23.7
 k 46.8
 bcde   23.7 k   32.3 fghijk  34.7 fghijk 53.3 abc 43.9 bcdef 
37.3
 efjhi 
 100  
28.4
 hijk
39.1
 efgh 
 
28.4
 hijk
 
37.1
 efghij
32.4
 fghijk 
 
63.4
 a
 
40.1
 defgh
 
39
 efgh
 A B A+b c 
SE 1.85 5.557 0.2045 0.2045 
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Table 3: Cumulative gas, Metabolizable Energy and In vitro Organic Matter 
Digestibility of four Browsing trees (pods and leaves )  
 
 
 
ME = metabolic energy 
IOMD =  in vitro organic matter digestability   
TL: A.torrtlis leaves  &TP: A.torrtlis pods 
ZL: A.Ziziphus leaves  &ZP: A.Ziziphus pods 
Ml: A.mellifera leaves & MP:A. mellifera pods 
SL: A.seyal leaves &SP: A.seyal pods 
 
 
 
 
 
Accumulative Gas                                   ME                                                  IOMD                      
 0 50 100 0 50 100 0 50 100 
TL   20 i   20 i 28.3 gh 5.9 ij 5.7 j   6.3 ij 39.7lm     37.9 m 42.1 klm 
ZL    51 b   44 c   39.3 cde   8.6 efg 7.9 gh 8.8 ef 63 cd   57.9 def   64.1 c 
ML 38.3 cde     42.5 cd   40.7 cde 9 de 9.7 d   9.2 de 59.7 cde   64.5 c 61.3 cd   
SL 29.3 gh     30.3 fgh   34.3 efg   6.5 ij 6.1 ij   6.6 i   47.4 ijk     44.7 jkl 48.1 hij 
TB    24 hi   30.5 fg 29 gh 6.6 i   7.7 h 6.7 i   44.7 jkl   50.9 ghi   44.9 jkl 
ZB 53.7 b     67.3 a 36 a   10.6 c 13 a   12.1 b 64.5 c 80 a   74.3 b 
MB 39.7 cde    44 c 39.5 cde 8.6 efg 9.1 de   8.5 efg 60.2 cde   63.3 cd 59.6 cde 
SB   34.3 efg   36.5 def   39.5 cde 7.7 h   8.1 fgh   8.5 efgh   50.7 ghi 53.2 fgh   55.9 efg 
SE  2.283   0.292   1.9096  
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Table 4: The correlations between chemical composition of four 
browsing trees (leaves and pods) and gas production parameters. 
 
 CP ADF NDF TCT 
a -0.2429 NS 0.5336*** -0.4159 * 0.54*** 
b 0.2034 NS -0.3955** 0.4206 * -0.4820* 
a+b -0.0231 NS -0.2951 NS -0.3080 NS -0.4032** 
c 0.1671 NS  -0.2935 NS 0.4252* 0.0043 NS
gas -0.5930 *** -0.2752 NS -0.6699*** -0.3628** 
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CHAPTER FIVE 
DISCUSSION 
                  The CP content of leaves  ranged from 17.5 to 24.1% this result is 
inconsistent with Mahala and Fadel Elseed (2007) However Fadel Elseed et 
al (2002) found the range from 15.6 to 28.5%. 
NDF and ADF of leaves vary from 39.3% to 64.7 % and from 33.8% to 
43.8% respectively, this result is supported by la and Fadel Elseed (2007) 
and comparable with findings of Kamalak et al (2004) who reported 42% 
to56% and 28.3% to 34.2% and Kaitho et al (1997) who found 22% to 69.4 
% and 14% to 52.3 % respectively.  
Gas produced from fermentable fraction (b) and the potential gas production 
(a+ b) were significantly (p<0.001) higher in pods than in leaves this may be 
due to their high content of CP and NDF and low content of TCT, whereas 
the potential gas production (a +b), is associated with degradability of feed 
(Khazaal et al 1995). Therefore the higher values obtained for the potential 
gas production in the seeds will indicate a better nutrient availability for 
rumen microorganisms. 
The addition of poly Ethylene Glycol (PEG) increased the gas production 
from both soluble and insoluble fraction (a) and (b), in vitro organic matter 
digestibility (IOMD) and metabolic energy (ME). This may be due to the 
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affinity between (PEG) and (TCT) provided a chance for substrates to be 
fermented by microbes (Bento etal 2005). This result was inconsistent with 
(Kamalak etal 2005).     
TCT were negatively correlated with fraction (b) and (a +b). This result is 
consistent with findings of Frutos et al (2002). ADF were negatively 
correlated with most of the estimated parameters. This result is in agreement 
with findings of Abdulrazak et al (2000) and Kamalak et al (2005). The 
negative correlation between potential gas production and ADF and TCT 
may be due to the reduction of microbial activity from increasingly adverse 
environmental conditions as incubation time progress (Abreu et.al 1998).  
CP were positively correlated with the rate of fermentation fraction (c), 
fraction (b) and fraction (a + b). These findings were supported by (Kamalak 
et al 2004).   
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Conclusion and Recommendation 
 
 
 
        The addition of poly Ethylene Glycol (PEG) lead to increase in 
gas production from both soluble and insoluble   fraction (a) and (b), 
organic matter digestibility   (IOMD)and   metabolic   energy  (ME). 
This may be due to the affinity between (PEG) and (TCT) provided 
a chance for substrates to be fermented by microbes.  
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